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SURFHVV WR MRLQ VHYHUDO VWHHO FRPSRQHQWV WRJHWKHU WR IRUPD IXQFWLRQDO SDUW$ORQJ WKHZHOGLQJ MRLQW WKHSULPDU\
FRDWLQJLVGHVWUR\HGDQGWKHEDUHVWHHOPHWDOLVH[SRVHGWRSRWHQWLDOFRUURVLYHDWWDFN
5HDSSO\LQJFRDWLQJWRWKHDUHDZKHUHWKHRULJLQDOFRDWLQJLVORVWLVLPSRUWDQWWRWKHIXQFWLRQDOTXDOLW\RIWKHHQG
SURGXFWLQWHUPVRIDQWLFRUURVLRQVSHFLILFDWLRQ+RZHYHUUHFRDWLQJWKHDVVHPEOHGSDUWE\FRQYHQWLRQDOPHWKRGVLV
FRVWO\DQGXQSUDFWDEOH)RUWKLVUHDVRQDSSOLFDWLRQRIDSURWHFWLYHFRDWLQJWRORFDODUHDVRQDVWHHOVXUIDFHKDVEHHQ
H[SORUHGE\PHDQVRI ODVHU EHDPKHDWLQJ DQG VSUD\LQJRI SRZGHU RI FRDWLQJPDWHULDO E\*X HW DO  ,WZDV
DSSURYHGLQWKHH[SHULPHQWWKDWWKHODVHUEHDPFRDWLQJSURFHVVLVDQHIIHFWLYHSURFHVVWRUHFRDW$O6LFRDWLQJRYHU
WKHODVHUZHOGEHDG,QWKLVVWXG\WKHGHWDLOVRIWKHODVHUEHDPJHQHUDWHGFRDWLQJDUHDQDO\]HG
([SHULPHQWDO
/RFDOL]HGFRDWLQJRYHUWKHZHOGEHDGFDQEHDFKLHYHGE\DSSO\LQJZHOOGHILQHGVSRWKHDWLQJDQGVLPXOWDQHRXVO\
VSUD\LQJFRDWLQJPDWHULDOSRZGHUVXFKDV$O6LRQWKHKHDWHGVSRW7KHGLPHQVLRQRIWKHKHDWHGVSRWLVUHTXLUHGWR
EHODUJHHQRXJKWRFRYHU WKHZLGWKRI WKHZHOGEHDG:KHQWKHGHSRVLWHGHQHUJ\RQWKLVVSRW LVKLJKHUHQRXJKWR
EULQJWKHVXUIDFHWHPSHUDWXUHRIWKHZHOGEHDGRYHUWKHPHOWLQJSRLQWRIWKHFRDWLQJPDWHULDOWKHSRZGHUSDUWLFOHV
PHOW WR IRUP D OLTXLG OD\HU:KHQ WKH KHDW VRXUFH PRYHV DZD\ WKH OLTXLG OD\HU VROLGLILHV WR IRUP D SHUPDQHQW
FRDWLQJ%\PRYLQJWKHKHDWLQJVSRWDORQJWKHZHOGEHDGWKXVDVWULSRIFRDWLQJFDQEHSURGXFHGRYHUWKHZHOGEHDG
DVZDVGHVFULEHGE\*X)RUFRDWLQJRYHUODVHUZHOGEHDGWKHFRDWLQJSURFHVVFDQEHSHUIRUPHGULJKWDIWHU
WKHZHOGLQJSURFHVVE\WDNLQJDGYDQWDJHRIWKHDYDLODELOLW\RIODVHUVRXUFHLQWKHZHOGLQJV\VWHP
7R SHUIRUP ODVHUZHOGLQJ DQG ODVHU ORFDOL]HG FRDWLQJ D7UXPSI GLVN PRGHO 7UX'LVN ZLWK DPD[LPXP
RXWSXWSRZHURIN:DWDZDYHOHQJWKRIQPZDVXVHG7KHEHDPTXDOLW\DWWKHUDWHGSRZHULVPPPUDG
7KH ODVHU EHDP LV GHOLYHUHG XVLQJ DQRSWLFDO ILEHUZLWK D FRUHGLDPHWHU RI ȝP$ UHJXODU7UXPSI' ODVHU
ZHOGLQJKHDGZDVXVHGIRU WKHSURFHVVLQJ,Q WKHZHOGLQJKHDGERWKFROOLPDWLQJDQGIRFXVLQJOHQVHVKDYHDIRFDO
OHQJWKRIPP7KXVWKHEHDPVSRWVL]HLVPPDWIRFXV%RWKSURFHVVHVZHUHGRQHXVLQJWKHVDPHXQLWLQD
WZRVWHS SURFHGXUH EXW GLIIHUHQW IRFXVLQJ SDUDPHWHU VHWWLQJV 7KH ZHOGLQJ ZDV SHUIRUPHG DW RU QHDU IRFXV )RU
FRDWLQJRSHUDWLRQWKHODVHUIRFXVSRVLWLRQZDVVHWDVLJQLILFDQWGLVWDQFHEHORZWKHSDUWVXUIDFHWRSURGXFHDVSRWRI
DERXWPPGLDPHWHURQWKHSDUWVXUIDFH7KLVVSRWVL]HZDVVXIILFLHQWWRFUHDWHDFRDWLQJWUDFNZLGHHQRXJKWRFRYHU
WKHEDUHPHWDOZHOGEHDG
7KHVWHHOVKHHWXVHGIRUWKHH[SHULPHQWZDV8VLERU3RU'XFWLERU3RIPPWKLFNQHVV7KHPDWHULDO
KDVDQ$O6LDQWLFRUURVLRQFRDWLQJ7KHRULJLQDOFRDWLQJKDGDWKLFNQHVVRIDERXWPZKLFKFRQVLVWVRID)H$O
6LDOOR\GLIIXVLRQOD\HUDQGDQDOXPLQXPVLOLFRQOD\HU7KHVWHHOVKHHWZDVFXWLQWRFRXSRQVRI´[´LQVL]HDQG
EXWWZHOGVZHUHPDGHXVLQJ WKHVH FRXSRQV ,PPHGLDWHO\ DIWHUZHOGLQJ WKH FRDWLQJSURFHVV LV H[HFXWHG DORQJ WKH
ZHOGEHDP7KHPHWDOSRZGHUIRUFRDWLQJLVDQDOXPLQXPVLOLFRQSRZGHUFRQWDLQLQJZWRIVLOLFRQ7KHSDUWLFOH
VL]HVRIWKHSRZGHUUDQJHVIURPPWRP
7KH ' ZHOGLQJ KHDG LV PRXQWHG RQ WKH HQG HIIHFWHU RI DQ $%% URERW PRGHO ,5% 7KH URERW LV
SURJUDPPHG WRPRYH WKHZHOGLQJ KHDG WR SHUIRUPZHOGLQJ DQG FRDWLQJ$ VLPSOH VLQJOH QR]]OH SRZGHU IHHGLQJ
GHYLFH ZDV LQWHUQDOO\ PDQXIDFWXUHG WR H[HFXWH WKH H[SHULPHQW 7KH SRZGHU IHHGLQJ GHYLFH LV PRXQWHG RQ WKH
ZHOGLQJKHDGVRWKDWWKHLUUHODWLYHSRVLWLRQLVIL[HG$*79SRZGHUIHHGHUZDVXVHGWRGHOLYHUWKHSRZGHU$UJRQ
JDVZDVWKHFDUULHUJDVIRUSRZGHUGHOLYHU\
6RPHZHOGHGDQGUHFRDWHGVDPSOHVZHQWWKURXJKKHDWWUHDWPHQWSURFHVVLQDKRWGLHWRVLPXODWHWKHKRWVWDPSLQJ
SURFHVV 7KH VDPSOH FRXSRQV ZHUH KHDWHG IRU  PLQXWHV DW  R& $IWHU KHDWLQJ WKH\ DUH LPPHGLDWHO\ ZDWHU
TXHQFKHG
6FDQQLQJHOHFWURQPLFURVFRS\6(0DQG(QHUJ\GLVSHUVLYH;UD\VSHFWURVFRS\('6ZHUHXVHGWRLGHQWLI\WKH
SKDVH FRQVWLWXWLRQV RI WKH FRDWLQJ DQG WR JHW WKH OLQHSURILOH RI WKH FKHPLFDO FRPSRVLWLRQV LQ WKH FRDWLQJ ('6
FRPSRVLWLRQDODQDO\VLVZDVGRQHRQD-(2/-60&),PDFKLQHZKLFKLVHTXLSSHGZLWK2[IRUG,QVWUXPHQWV
,1&$HQHUJ\GLVSHUVLYHVSHFWURVFRS\V\VWHP&KHPLFDOFRPSRVLWLRQZDVREWDLQHGLQVHFRQGDU\HOHFWURQPRGH
RSHUDWLQJDWN9
 Hongping Gu and Aldo Van Gelder /  Physics Procedia  83 ( 2016 )  597 – 605 599
5HVXOWVDQG'LVFXVVLRQ
3.1. Morphology of coating layer 
,Q RUGHU WRPDLQWDLQ FRQVLVWHQF\ DOO WKH ODVHUZHOGVZHUH GRQHZLWK D FRQVWDQW ODVHU SRZHU RI  N: DQG D
ZHOGLQJ VSHHG RI  PPV 7KH SURFHVV SDUDPHWHUV IRU FRDWLQJ ZHUH YDULHG WR JHQHUDWH GLIIHUHQW FRDWLQJV IRU
DQDO\VLV$W\SLFDOZHOGEHDGEHIRUHFRDWLQJLVDSSOLHGLVVKRZQLQ)LJXUH7KHZHOGEHDGRQWKHWRSKDVDZLGWK
RIDERXWPPDQGLWLVREYLRXVWKDWWKHZHOGEHDGLVGHYRLGRIWKHFRDWLQJPDWHULDO7KHODVHUORFDOL]HGFRDWLQJ
ZDVSURFHVVHGRQWKHVDPHPDFKLQHDORQJWKHVDPHPRWLRQSDWKDIWHUZHOGLQJZDVSHUIRUPHGZKLOHWKHPDWHULDOZDV
NHSWDWWKHVDPHORFDWLRQ,QWKLVZD\WKHFRDWLQJFDQFRQVLVWHQWO\DQGSUHFLVHO\FRYHUWKHZHOGEHDG

)LJ$WRSYLHZRIWKHW\SLFDOODVHUZHOGEHDG

)LJ7RSYLHZRIDODVHUJHQHUDWHGFRDWLQJRQZHOGEHDG7KHFRDWLQJSURFHVVZDVSHUIRUPHGXVLQJDODVHUSZHURIN:DWDGHIRFXV
GLVWDQFHRIPP%DPDJQLILHGYLHZRIRQHVHFWLRQRI$
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,Q WKH H[SHULPHQW D FRDWLQJRYHUZHOG EHDGZLWK DFFHSWDEOH TXDOLW\ FDQ EH SURGXFHG E\ RSWLPL]LQJ WKH ODVHU
SRZHUEHDPPRYLQJVSHHGDQGSRZGHUIHHGLQJUDWH2QHVDPSOHRIWKHFRDWLQJLVVKRZQLQ)LJXUH,QWKLVFRDWLQJ
SURFHVV WKHODVHUSRZHULVN:DQGWKHVSHHGLVPPV7KHZLGWKRI WKLVFRDWLQJVWULSZDVPHDVXUHGWREH
DERXWPP7KHFRDWLQJLVTXLWHVPRRWKLQDSSHDUDQFHFRYHULQJWKHHQWLUHZHOGEHDG,QIDFW WKHFRDWLQJVWULS
VPRRWKV RXW WKH UDJJHG HGJH RI WKHZHOG EHDG DQG EOHQGVZHOO RQ WR RULJLQDO FRDWLQJ RXWVLGH WKHZHOG EHDG ,W
LQGLFDWHVWKDWWKHODVHUEHDPSRZHUZDVKLJKHQRXJKWROLJKWO\PHOWWKHWRSVXUIDFHRIWKHZHOGEHDGWRSURGXFHWKH
VPRRWKLQJHIIHFW
)LJXUH$VKRZVDQRWKHUFRDWLQJVRYHUZHOGEHDGZKHQWKHODVHUSRZHULVN:DQGWKHSURFHVVVSHHGLV
PPV ,Q WKLV SURFHVV ORZHU SRZGHU IHHG UDWHZDV XVHG WKXV OHVV$O6L SRZGHUZDVEORZQRQ WR WKH ODVHU EHDP
KHDWHG VSRW ,Q WKLV FDVH WKH ODVHU EHDP EDUHO\ DOWHUV WKH WRS VXUIDFH RI WKHZHOG EHDP 7KH DSSHDUDQFH RI WKH
FRDWLQJ LVFRPSDUDWLYHO\URXJKHU ,WDSSHDUV WREH OHVVIDYRUDEOH WR WKHFRDWLQJ LQ)LJXUH+RZHYHU LWVSULPDU\
IXQFWLRQ DV D FRDWLQJ LV IRU DQWLFRUURVLRQ 7KH OHVV IDYRUDEOH DSSHDUDQFH GRHV QRW QHFHVVDULO\ FRPSURPLVH WKLV
IXQFWLRQ
)LJXUH%JLYHVWKHFURVVVHFWLRQRIWKHZHOGZLWKDWRSVXUIDFHFRDWLQJRQWKHZHOG,WFDQEHQRWLFHGWKDWWKH
URXJKQHVVLQWKHWRSYLHZLQ)LJXUH$LVQRWVLJQLILFDQWLQWKHFURVVVHFWLRQYLHZ*LYHQWKHFRQWLQXRXVQDWXUHRI
WKHOD\HUWKHUHIRUHWKLVFRDWLQJLVQRWLQIHULRULQEDVLFIXQFWLRQDOLW\WRWKHFRDWLQJLQ)LJXUH7KHWKLFNQHVVRIWKLV
FRDWLQJZDVPHDVXUHGWREHLQWKHUDQJHRI±PDFURVVPRVWRIWKHZHOGEHDGZLWKUHODWLYHO\WKLFNHULQWKH
PLGGOHVHFWLRQ7KLVVDPSOHRIFRDWLQJVKRZVDIDLUO\JRRGXQLIRUPLW\LQWKLFNQHVV,QVRPHFDVHWKHWKLFNQHVVLQ
WKHPLGGOHVHFWLRQRIWKHFRDWLQJLVPXFKKLJKHUWKDQWKDWDURXQGWKHHGJH

$OWKRXJKWKHFRDWLQJJHQHUDWHGE\ODVHUKHDWHGSURFHVVLVQRWDVXQLIRUPDVWKHFRDWLQJE\KRWGLSSLQJSURFHVV
LWVXQHYHQQHVVLQWKLFNQHVVGRHVQRWQHFHVVDULO\DIIHFWWKHIXQFWLRQDOLW\RIWKHRYHUDOOFRUURVLRQSURWHFWLRQJLYHQWKDW
WKHUHFRDWHGDUHDKDVDJUHDWHUDQWLFRUURVLRQFRDWLQJWKLFNQHVVFRPSDUHGWRWKHVXUURXQGLQJDUHD7ZRIDFWRUVFDXVH
LQ WKLV LQKRPRJHQHRXV WKLFNQHVV FKDUDFWHULVWLF 2QH LV ODVHU EHDP HQHUJ\ GLVWULEXWLRQ DQG WKH RWKHU LV SDUWLFOH
GHQVLW\GLVWULEXWLRQLQWKHSRZGHUJDVVWUHDP7KHODVHUEHDPXVHGLQWKHH[SHULPHQWLVDGHIRFXVHGEHDPIRUWKH
SXUSRVH RI DFKLHYLQJ WKH UHTXLUHG EHDP VSRW VL]H ,Q GRLQJ VR WKH ODVHU EHDP LV QR ORQJHU D WRSKDW HQHUJ\
GLVWULEXWLRQ,QVWHDGLWKDVDKLJKHUHQHUJ\GHQVLW\LQWKHFHQWHUUHJLRQRIWKHEHDP$VDUHVXOWRIWKHKHDWLQJE\WKLV
ODVHUEHDP WKHFHQWHU UHJLRQRI WKHKHDWHG VSRW UHDFKHV WKHKLJKHVW WHPSHUDWXUH7KHSRZGHUJDV VWUHDPRQ WKLV
RWKHUKDQG LV QRW XQLIRUP LQ WKHSDUWLFOHGHQVLW\ GLVWULEXWLRQ DFURVV WKH VWUHDP+LJKHU SDUWLFOHGHQVLW\ KDVEHHQ
REVHUYHGLQWKHFHQWHURIWKHSRZGHUJDVVWUHDPE\0DQQHWDO:LWKWKHFRPELQDWLRQRIWKHVHWZRIDFWRUV
PRUHSRZGHUSDUWLFOHVZHUHPHOWHGLQWKHFHQWHUUHJLRQRQWKHKHDWHGVSRWWKDQWKHDUHDDURXQGLWVSHULPHWHU
)LJ$WRSYLHZ$DQGDFURVVVHFWLRQ%RIWKHODVHU
JHQHUDWHGFRDWLQJRYHUZHOGEHDGXVLQJODVHUSRZHURIN:
DQGVFDQVSHHGRIPPV
)LJ$WRSYLHZ$DQGDFURVVVHFWLRQ%RIWKH
FRDWLQJDIWHUEHLQJVXEMHFWHGWRKHDWLQJDQGTXHQFKLQJ
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7KHRULJLQDO$O6LFRDWLQJRQWKHFRPPHUFLDOPDWHULDOKDVD WKLFNQHVVIURPPWRP:LQGPDQQHWDO
7KLVWKLFNQHVVLVREYLRXVO\GHSHQGLQJRQWKHSURFHVVLQJSDUDPHWHUVVXFKDVGLSSLQJWLPHRIWKHPDWHULDOLQ
WKH OLTXLG $O6L EDWK 7KH ODVHU JHQHUDWHG FRDWLQJ LV PXFK WKLFNHU WKDQ WKH RULJLQDO RQH 7KH FRDWLQJ WKLFNQHVV
GHSHQGVRQWKHSURFHVVSDUDPHWHUVVXFKDVODVHUEHDPLQWHQVLW\SRZGHUIHHGUDWHDQGODVHUEHDPVFDQVSHHG,WLV
HYLGHQWIURPH[SHULPHQWWKDWWKLQQHUFRDWLQJLVUHODWHGWRORZHUGHSRVLWHGODVHUHQHUJ\DQGOHVVSRZGHUDYDLODEOHRQ
WKHKHDWHGVSRW7KHPHDVXUHGWKLFNQHVVVKRZQLQ)LJXUHLVDERXWPLQWKHFHQWHUUHJLRQ:KLOHWKHFRDWLQJ
LQ)LJXUHLVOHVVWKDQPLQWKLFNQHVV,QFRQVLGHUDWLRQRIWKHSDUWLFOHVL]HRIWKHSRZGHUXVHGIRUWKLVSURFHVV
DOLPLWDWLRQVKRXOGH[LVWLQDFKLHYDEOHWKLQQHVWFRDWLQJ
,Q DXWRPRWLYH LQGXVWU\ WKH$O6L FRDWLQJ DV DQ DQWLFRUURVLRQ FRDWLQJ LVPDLQO\ DSSOLHG RQ KRWVWDPSLQJ VWHHO
VKHHW VXFKDV8VLERU7KLV VWHHOJRHV WKURXJKDKHDWLQJDQGTXHQFKLQJF\FOH LQSDUWPDQXIDFWXULQJ WRDFKLHYH LWV
KLJKVWUHQJWK,WLVLPSRUWDQWWRH[DPLQHWKHODVHUJHQHUDWHGFRDWLQJDIWHUWKHKHDWWUHDWPHQWF\FOHWKDWVLPXODWHVSDUW
PDQXIDFWXULQJ)LJXUHVKRZV WKH WRSYLHZRIDFRDWLQJVWULSDQG WKHFURVVVHFWLRQRI WKLVFRDWLQJRQZHOGEHDG
DIWHUWKHPDWHULDOKDGEHHQKHDWWUHDWHG7KLVFRDWLQJVWULSZDVJHQHUDWHGXVLQJWKHVDPHSURFHVVSDUDPHWHUVDVWKH
RQH LQ )LJXUH  ,W FDQ EH VHHQ WKDW PRVW RI WKH LQFRPSOHWH PHOWHG $O6L SDUWLFOHV ZHUH UHPHOWHG GXULQJ KHDW
WUHDWPHQWDQGWKHFRDWLQJVXUIDFHZDVVPRRWKHGRXW7KHYLVXDODSSHDUDQFHLVLPSURYHG)URPWKHFURVVVHFWLRQRI
WKHFRDWLQJLQ)LJXUH%WKHUHLVQRREYLRXVGLIIHUHQFHWKDWFDQEHLGHQWLILHG
3.2. Phase constitutions in the coating 
)LJXUHVKRZVWKHRSWLFDOPLFURJUDSKVRIWKHFRDWLQJVEHIRUHDQGDIWHUKHDWWUHDWPHQW([FHSWIRUDQRWLFHDEOH
WKLQ WRS OD\HU LQ WKHXQKHDW WUHDWHGFRDWLQJ WKHUH LVQRGLVWLQJXLVKDEOH OD\HUVZLWKLQ WKH ODVHUJHQHUDWHGFRDWLQJ
7KLVVLQJOHOD\HUFKDUDFWHULVWLFVDQGDFOHDUERXQGDU\RIWKHFRDWLQJUHPDLQXQFKDQJHG7KLVLVTXLWHGLIIHUHQWWRWKH
KRWGLSSHGFRDWLQJLQZKLFKPXOWLOD\HUVWUXFWXUHDSSHDUVDQGWKHOD\HUERXQGDU\JURZVLQWRWKHVXEVWUDWHDIWHULWLV
KHDWHG DQG TXHQFKHG +DQ HW DO  DQG &KHQJ HW DO  7KLV IODW ERXQGDU\ LQGLFDWHV WKDW WKHUH LV QR
LQWHUPHWDOOLFOD\HUJURZWKLQWRWKHVWHHOVXEVWUDWHGXULQJKHDWWUHDWPHQW
%\OLQHVFDQQLQJZLWKWKH6(0('6WKHDOXPLQXPDQGLURQFRQWHQWLQWKHFRDWLQJOD\HUZHUHGHWHUPLQHG8VLQJ
WKHVHGDWDWKHFRPSRVLWLRQDOSKDVHVRIWKHFRDWLQJOD\HUVZHUHWKHQLQIHUUHGDFFRUGLQJWRWKH)H±$OELQDU\GLDJUDPV
E\.DWWQHU DQG.XEDVFKHZVNL )LJXUHJLYHV WKHDQDO\VLV UHVXOWRI WKHFRDWLQJ LQ)LJXUH$7KLV
FRDWLQJLVDQLURQULFKOD\HUDQGWKH$OFRQWHQWLQWKHOD\HULVDSSUR[LPDWHO\DW7KHDWRPLFUDWLRRI)HWR$O
LVFORVHWR$FFRUGLQJO\WKH)H$OFRPSRXQGLQWKLVOD\HULVPRVWOLNHO\DPL[WXUHRIĮ)HDQG)H$O$FFXUDWH
LGHQWLILFDWLRQRIWKHSKDVHVQHHGVWREHSHUIRUPHGE\WKHHOHFWURQEDFNVFDWWHULPDJH7KHSRVVLEOHH[LVWHQFHRIWKH
QRQHTXLOLEULXPSKDVH)H$OLVGXHWRWKHG\QDPLFEHKDYLRURIWKLVFRDWLQJSURFHVV,QWKHDVGHSRVLWHGFRQGLWLRQ
)LJ2SWLFDOPLFURJUDSKVRIWKHFRDWLQJEHIRUH$DQGDIWHU%KHDWWUHDWPHQW7KHSURFHVVSDUDPHWHUVIRUWKHVHFRDWLQJDUHWKHVDPHDV
WKHRQHVGHVFULEHGLQ)LJXUH7KHVFDOHLQWKHSLFWXUHVLVP
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WKH WRS WKLQ OD\HUKDVDKLJKHUSHUFHQWDJHRI6LDWRPV1HDU WKHERWWRPRI WKLV OD\HUDGMDFHQW WR)HEDVH WKH$O
FRQWHQWGUDVWLFDOO\GHFUHDVHVWR]HURFUHDWLQJDFOHDUERXQGDU\RIWKLVFRDWLQJOD\HU
7KH VROXELOLW\ RI)H LQ WKH OLTXLG$O LV TXLWH KLJK7KHUHIRUH WKH LURQ DWRPVTXLFNO\GLVVROYH LQWR WKHPROWHQ
DOXPLQXPOD\HUWKDWZDVJHQHUDWHGE\ODVHUHQHUJ\7KH\DUHWKHQUHDFWZLWKDOXPLQXPWRIRUP)H$OFRPSRXQGV
2QWKHRWKHUKDQGWKLVFRDWLQJLQ)LJXUHKDVDVPRRWKHUVXUIDFHWKDQWKHZHOGEHDGDVVKRZQLQ)LJXUH$WKLQ
OD\HU RI )H PLJKW EH PHOWHG E\ ODVHU EHDP DQG PL[HG LQWR WKH OLTXLG $O OD\HU EULQJ WKH )H FRQWHQW WR D KLJK
SHUFHQWDJH6LQFHDOOWKH)H$OLQWHUPHWDOOLFFRPSRXQGVKDYHKLJKHUPHOWLQJSRLQWWKDQSXUHDOXPLQXPWKHOLTXLG
SKDVHRQ WKHZHOGEHDG LQWHUIDFHTXLFNO\VROLGLILHVGXH WR WKH IRUPDWLRQRI)H$OFRPSRXQGVZKLFK OHDYHV OLWWOH
FKDQFHIRUWKH$ODWRPVGLIIXVHLQWRWKHVROLG)HVXUIDFHSULRUWRKHDWWUHDWPHQW,QWKLVUHVSHFWWKHRWKHU$OULFK)H
$OFRPSRXQGVGRQRWDSSHDULQWKLVFRDWLQJOD\HU

)LJXUHVKRZVWKH6(0PLFURJUDSKDQGFKHPLFDOFRPSRVLWLRQGLVWULEXWLRQRIWKHFRDWLQJOD\HUDIWHULWKDGEHHQ
KHDW WUHDWHG7KHFRDWLQJVWLOO UHPDLQVDVLQJOH OD\HUVWUXFWXUH'LIIXVLRQRI)HDQG$ODWRPVRFFXUUHG LQ WKHKHDW
WUHDWPHQWWRIRUPQHZLQWHUPHWDOOLFSKDVHV7KHFRDWLQJOD\HUEHFRPHVPRUHXQLIRUPLQWKHGLVWULEXWLRQRI)HDQG
$OFRPSRQHQWV7KHDWRPLFUDWLRRI)H WR$O LVDERXW$IWHUKHDW WUHDWPHQWRQO\HTXLOLEULXPSKDVHVVKRXOG
)LJ$6(0LPDJHRIWKHFRDWLQJLQ)LJXUH%%'LVWULEXWLRQRIWKHFKHPLFDOFRPSRVLWLRQVDFURVVWKHFRDWLQJOD\HU
)LJ$6(0LPDJHRIWKHFRDWLQJLQ)LJXUH$%'LVWULEWLRQRIWKHFKHPLFDOFRPSRVLWLRQVLQWKHFRDWLQJOD\HUREWDLQHGE\('6
DQDO\VLV
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H[LVW
:LWKDDW$OLQWKLVOD\HUWZRSKDVHVRI)H$ODQG)H$OVKRXOGH[LVWDFFRUGLQJWRWKHZRUNE\3DOP
6KDKYHUGLHWDO7KHIRUPDWLRQRIWKHVHW\SHRI)H$OLQWHUPHWDOOLFSKDVHKDVEHHQUHSRUWHGLQWKHVLQWHULQJRI
HOHPHQWDOSRZGHUVRI)HDQG$OE\*HGHYDQLVKYLOLHWDO
,WLVHYLGHQWIURPWKHSUHYLRXVSXEOLFDWLRQVWKDWWKHLQWHUDFWLRQWLPHDQGWHPSHUDWXUHKDVDJUHDWLQIOXHQFHRQWKH
IRUPDWLRQ RI LQWHUPHWDOOLF SKDVHV 7KH FRDWLQJ JHQHUDWHG E\ ODVHU EHDPKHDWLQJ XQGHU ORZ HQHUJ\ LQSXW DQG IDVW
SURFHVVVSHHGFRXOGOHDGVWRDGLIIHUHQWFKHPLFDOFRPSRVLWLRQ)LJXUHJLYHVWKHUHVXOWRIGHWHUPLQDWLRQRIFKHPLFDO
FRQWHQWDQGSKDVHLGHQWLILFDWLRQRIWKHDVGHSRVLWHGFRDWLQJOD\HULQ)LJXUH7KHGLVWULEXWLRQRI)HDQG$OHOHPHQW
LQGLFDWHV WKDW WKH$OULFKFRDWLQJ OD\HURQO\H[LVWVQHDU WKH WRSVXUIDFHZKHUH WKHUHDUHSRVVLEO\VRPH LQFRPSOHWH
PHOWHG$OSRZGHUSDUWLFOHV1HDUPEHORZWKHVXUIDFHWKH)HFRQWHQWLVDOUHDG\KLJKHUWKDQ$OFRQWHQW7KH)H
FRQWHQW LQFUHDVHVZLWK WKHGHSWK LQWR WKHFRDWLQJ ,W VHHPV WKHUHDUH WZRUHJLRQVKDYLQJGLIIHUHQWGRPLQDQW)H$O
SKDVHV,QWKHUHJLRQQHDUWKHVXUIDFHLWFDQEHLGHQWLILHGDVDPL[WXUHRIĮ)HDQG)H$OEDVHGRQWKHFDOFXODWHGUDWLR
RI)HWR$ODWRPLFFRQWHQW)RUWKHFRDWLQJOD\HUDGMDFHQWWRWKHEDVHPDWHULDOLWFDQEHLQIHUUHGWREHĮ)HSKDVH
$IWHUWKHVDPSOHKDVEHHQKHDWHGDQGTXHQFKHGWKHGLVWULEXWLRQRI)HDQG$OHOHPHQWVWKURXJKWKHFRDWLQJOD\HU
WHQGVWREHOLQHDUL]HGZLWKWKHFRDWLQJGHSWKDVLVVKRZQLQ)LJXUH'XULQJWKLVKHDWWUHDWPHQWWKHUHLVQRPRUH
FRQWLQXRXVVXSSO\RIDOXPLQXPDWRPVIURPOLTXLGDOXPLQXPVXFKDVWKHFDVHRIKRWGLSSLQJ7KHGLIIXVLRQRILURQ
DWRPVWRZDUGWKHOD\HUVXUIDFHGRPLQDWHV WKHSURFHVVZLWKQRYLVLEOHDGYDQFHPHQWRI WKHFRDWLQJOD\HUERXQGDU\
)RUPDWLRQ RI PRUH )H$O FRPSRXQG OLNHO\ RFFXUV ,Q WKH XSSHU UHJLRQ RI WKH FRDWLQJ WKH FRPSRXQG OD\HU LV
FRQVWLWXWHGE\LQWHUPHWDOOLFSKDVHVKDYLQJ)H$OFRPSRQHQWUDWLRVFORVHWR)H$ODQG)H$O$WKLQOD\HUDWWKHWRS
VXUIDFHFRQWDLQVPDLQO\)H$OLQWHUPHWDOOLFSKDVH
$FFRUGLQJ WR.RED\DVKL µVREVHUYDWLRQ  WKH DFWLYDWLRQ HQHUJ\ IRU WKHJURZWKRI WKH)H$O FRPSRXQG LV
ORZHUWKDQWKDWRI)H$OLQWHUPHWDOOLFSKDVH+LJKHUSHUFHQWDJHRI)H$OFRPSRXQGIRUPVLQWKHDVGHSRVLWHGFRDWLQJ
OD\HU'XULQJKHDW WUHDWPHQWDWD WHPSHUDWXUHKLJKHU WKDQ WKHPHOWLQJSRLQWRIDOXPLQXPGLIIXVLRQRI LURQDWRPV
RFFXUVIURPLURQKLJKOD\HUORFDWLRQWRZKHUHLURQFRQWHQWLVUHODWLYHORZ0RUH)H$OFRPSRXQGLVOLNHO\SURGXFHG
7KLVLVUHIOHFWHGE\DVOLJKWFKDQJHLQWKH)HWR$OUDWLR
)LJ('6DQDO\VLVRIWKHFRDWLQJLQDVGHSRVLWHGFRQGLWLRQ$6(0LPDJHRIWKHFRDWLQJOD\HUDQG%PHDVXUHGFKHPLFDOFRPSRVLWLRQVDW
ORFDWLRQVWKDWDUHVKRZQLQ$
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3UHYLRXVUHSRUWVE\%RXFKpDHWDODQG%RXD\DGHWDOVKRZHGWKDWLQWKHLQWHUDFWLRQEHWZHHQPROWHQ
DOXPLQXPDQGVROLGVWHHOWKHUHDFWLRQOD\HUVDUHPDLQO\FRPSRVHGRI)H$ODQG)H$OLQWHUPHWDOOLFFRPSRXQGVLQ
ZKLFKD WKLQ)H$O OD\HU LVRQ WKHDOXPLQXPVLGHDQGD WKLFNHU)H$O OD\HUJURZVDGMDFHQW WRVWHHO7KH$OULFK
FRPSRVLWLRQVVXFKDV)H$ODQG)H$ODUHEULWWOHLQQDWXUH+RZHYHUWKH)HULFKFRPSRVLWLRQVVXFKDV)H$ODQG
)H$O DUH SUHIHUUHG GXH WR WKHLU JRRG ZHDU UHVLVWDQFH VSHFLILF VWUHQJWK SURSHUWLHV DQG WKHLU JRRG R[LGDWLRQ
UHVLVWDQFHDQGFRUURVLRQUHVLVWDQFH%DOLJLGDGHWDODQG6WRORII/DVHUORFDOL]HGFRDWLQJLVDG\QDPLF
SURFHVVWKDWUHVXOWVLQWKHIDEULFDWLRQRILURQDOXPLQLGHEDVHGLQWHUPHWDOOLFFRPSRVLWHV,WVLQWHUIDFLDOUHDFWLRQWLPHLV
YHU\ VKRUW 7KXV WKLV SURFHVV GRHV QRW SURPRWH WKH IRUPDWLRQ RI WKH $OULFK FRPSRXQGV 7KHUHIRUH WKH ODVHU
JHQHUDWHGFRDWLQJZLWK)HULFKLQWHUPHWDOOLFSKDVHVSRVHVPRUHDGYDQWDJHRXVRYHUGLIIXVLRQJHQHUDWHGFRDWLQJV
&RQFOXVLRQ
7KHORFDOL]HGFRDWLQJWKDWZDVJHQHUDWHGE\ODVHUEHDPRYHUWKHZHOGEHDGKDVDWKLFNQHVVIURPEHORZPWR
DERXWPGHSHQGLQJRQWKHODVHUSRZHUDQGSURFHVVLQJVSHHGDVZHOODVSRZGHUIHHGUDWH)DVWSURFHVVDQGOHVV
ODVHUHQHUJ\LUUDGLDWLRQSURGXFHWKLQQHUFRDWLQJOD\HU,QDOOWKHFDVHVWKHUHLVQRGLVWLTXLVKDEOHPXOWLSOHOD\HUVLQ
WKHFRDWLQJ7KHODVHUEHDPJHQHUDWHGFRDWLQJLVDVLQJOHOD\HUVWUXFWXUHHYHQDIWHUWKHFRDWHGPDWHULDOKDVEHHQKHDW
WUHDWHG%DVHGRQWKHDQDO\VLVE\('6WKHFRDWLQJOD\HULVFRQVWLWXWHGE\)HULFKLQWHUPHWDOOLFSKDVHV7KHPHDVXUHG
)H$OFRPSRQHQWUDWLRVLQIHUUHGWKDWWKHSRVVLEOHLQWHUPHWDOOLFSKDVHVDUH)H$ODQG)H$OIRUWKHFDVHRIKLJKHUODVHU
HQHUJ\ LQSXW )RU ORZ HQHUJ\ DQG IDVW SURFHVV LQWHUPHWDOOLF FRPSRXQGV )H$O )H$O DQG Į)H DUH PRVW OLNHO\
LGHQWLILHGZLWK WKH DOXPLQXPFRQWHQW FRQWLQXRXVO\GHFUHDVHV IURP OD\HU VXUIDFH LQWR WKHERXQGDU\RI WKH FRDWLQJ
ZLWKVOLJKWO\GLIIHUHQWGLVWULEXWLRQRIWKHSKDVHV7KHH[DFWLGHQWLILFDWLRQRIWKHSKDVHVLQWKHFRDWLQJOD\HUQHHGWR
EHIXUWKHUYHULILHGE\WDNLQJ;5'VSHFWUXP7KLVFRDWLQJOD\HULVDVWDEOH)HULFK)H$OFRPSRXQGOD\HUWKDWZDV
JURZQRQWRSRIWKHZHOGEHDG,WZLOOSURYLGHH[FHOOHQWFRUURVLRQSURWHFWLRQIRUWKHXQGHUQHDWKVWHHOPDWHULDO
$FNQRZOHGJHPHQWV
7KH DXWKRUV DUH JUDWHIXO WR 3URI 1RUP =KRX DQG0U 'XODO 6DUD RI 'HSDUWPHQW RI0HFKDQLFDO (QJLQHHULQJ
8QLYHUVLW\RI:DWHUORRIRUWKHLUZRUNRI('6DQDO\VLV
5HIHUHQFHV
%DOLJLGDG5*5DGKDNULVKQD$(IIHFWRIDOOR\LQJDGGLWLRQVRQVWUXFWXUHDQGPHFKDQLFDOSURSHUWLHVRIKLJKFDUERQ)HZW$ODOOR\
0DWHULDOV6FLHQFHDQG(QJLQHHULQJ$
%RXD\DG$*HURPHWWD&%HONHELU$$PEDUL$.LQHWLFLQWHUDFWLRQVEHWZHHQVROLGLURQDQGPROWHQDOXPLQLXP0DWHULDOV6FLHQFH
DQG(QJLQHHULQJ$
)LJ('6DQDO\VLVRIWKHFRDWLQJDIWHUKHDWWUHDWPHQW$6(0LPDJHRIWKHFRDWLQJDQG%PHDVXUHGFKHPLFDOFRPSRVLWLRQVDWWKH
ORFDWLRQVDFURVVWKHFRDWLQJVKRZQLQ$
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%RXFKpD.%DUELHUD)&RXOHWE$,QWHUPHWDOOLFFRPSRXQGOD\HUJURZWKEHWZHHQVROLGLURQDQGPROWHQDOXPLQLXP0DWHULDOV6FLHQFH
DQG(QJLQHHULQJ$
&KHQJ::DQJ&0LFURVWUXFWXUDOHYROXWLRQRILQWHUPHWDOOLFOD\HULQKRWGLSSHGDOXPLQLGHPLOGVWHHOZLWKVLOLFRQDGGLWLRQ6XUIDFH	
&RDWLQJV7HFKQRORJ\
'HHYL 6'+DMDOLJRO05&OLII/$)OHLVFKKDXHU*6'HYHORSPHQWDQGSURGXFWLRQRI)H$OEDVHG LQWHUPHWDOOLFDOOR\V7UDQV
1RQIHUURXV0HW6RF&KLQD
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